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Transdermal drug delivery is becoming increasingly important and for this reason it is clear that academia
must ensure that currentgraduatesare knowledgeable in all facets of topical drug administration.An in vitro
diffusion cell experimentwas designed todemonstratethe rateof release of propranolol hydrochloride(PHC)
from three differenttopical vehicles: (I) an oil-in-water cream; (if)a gel; and (iif)an ointment.This experiment
was performed by final-year students enroled in an undergraduate course on percutaneous absorption. In
vitro release of PHC from the three bases to an aqueous receptor phase through silicone membrane was
monitored spectrophotometricallyat a wavelength of 290 nm. By monitoring and attemptingto explain the
numerous possible reasons for thedifferentrates of drug release from the three vehicles, itwas hoped that
the students would gain a better understanding of the complexities of transdermal drug administration.
Overall, the experimentwould appear to be a goodmodel for student investigationinto factors affectingthe
releaseofdrugsfromtopicalformulations. '
INTRODUCTION
Thereiscurrentlyagreatdealofworld-wideinterestin the
fieldoftransdermaldrugdeliveryand,consequently,broad
classesof drugsarebeingevaluatedfor percutaneousab-
sorptionpotential.The advantagesof thismodeof drug
306
administrationarenumerous,thepatientconvenienceand
therapeuticoptimizationof usingpatchtransdermalsys"'",,;
ternsbeing major positivefeatures.In responseto this'
developingfield,academiamustensurethatcurrentgradu"~;'5
atesareknowl~dgeableinallfacetsof topicaldrugadminis-~
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TEMP: 25°C
AREA: 1.77cm2
VOLUME: 10ml
AGITATION:600rpm
MEMBRANE:SILASTIC 500-1
RECEPTOR PHASE: WATER
DONORCONC: 1.5%
Fig. 1. Diagrammaticrepresentationof thediffusioncelland the
conditionsof use. .
tration sothattheywillbeadequatelyequippedtofacethe
challengesthatthisfieldwillposein thefuture.In thefinal
yearof thepharmacydegreecoursepresentedatthisinsti-
tution,studentsarerequiredtochoosetwoelectivecourses
whichoffermoredetailedinformationon variousspecial-
izedtopics.One suchcourseconcernspercut~neouspen-
etrationandtheexercisedescribedhereisoneof theprac-
ticalexperimentsspeciallydesignedfor thiscourse.A pre-
viouslydescribedexperiment(1)concernedthein vitrore-
leaseof salicylicacidfrommanydifferentointmentbases
andwasrecommendedasanundergraduatepracticalex-
periment.It is a usefulexperiment,but we feel thatthe
utilizationofcream,ointmentandgelvehiclesandtheuseof
amodernin vitrodiffusioncellsystemisfarmorecompre-
hensivein termsofunderstandingthemechanismsof drug
releasefromsemi-solidtopicalformulations.Furtherrp.ore,
thisstandardizedin vitromethodologyappearsto be the
methodwhichwill beadoptedbyregulatoryauthoritiesin
thefuture(2-4)andthereforeit isessentialforgraduatesto
befamiliarwiththistechnology. .
Beta-Blockersarerequiredin smallamountsin sys-
temiccirculationfor therapeuticeffectandundergoexten-
sivefirstpassmetabolismafteroraladministration.Hence,
theoretically,these agentsare prime candidatesfor
transdermaldelivery.An in vitrodiffusioncellexperiment
wasdevisedto assesstherate of releaseof a model13-
blocker,propranololhydrochloride(PHe), fromthreerep-
resentativetopicalvehicles:(i) anoil-in-watercream;(ii) a
glycero-gelatingel;and(iii) aparaffinointment.By moni-
toringtherateofdrugreleasefromthethreevehicletypes
and attemptingto explainthis in termsof the physico-
chemicalparametersgoverningtherateof release,it was
hopedthatthestudentswouldgainabetterunderstanding
of thecomplexitiesof transdermaladministration.
METHODS
Ten-milliliterglassdiffusioncells(Figure1)wereemployed
toassesstherateofdrugreleasefromeachofthreedelivery
vehicles(5).Aporoussiliconemembrane(Silastictype500-
1,0.0121cmthick,Dow Corning,USA) wasusedasthe
barriermembranetoseparatet&~testformulationfromthe
purified,degassedwaterrecept~}.~olventwhichwasagi-
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Fig. 2.Permeationof PHC throughsiliconemembranefrom cream,
geland ointmentformulations.
tatedbyteflon-coatedstar-headmagneticstirrers.Themem-
branewasheldfirmlyin positionbetweentheflangesur-
faceswiththeaidof Parafilm(AmericanCanCo., USA),
whichcreatedawater-tightsealandcreatedadiffusionarea
of 1.77cm2.
PHC wasincorporatedinto thethreebases(Aqueous
CreamBP,K-Y Jelly@(JohnsonandJohnson,SouthAfrica)
andwhitesoftparaffin)ataconcentrationof1.5percent(45
mgin 3 gbase)by geometrictrituration.The threebases
werechosenfor theirdifferenthydrophillic,hydrophobic
andviscositycharacteristics.Approximately1 g of medi-
catedformulationwasthenpackedintoeachof threecell
donorchambers,ensuringthattherewereno air bubbles
betweentheformulationanddonorsurfaceof thesilicone
membrane.The donorchamberorificewasthencovered
withParafilmto minimizeevaporationof theformulation
constituentsduringthediffusionprocess.In similarfashion
threecellswerepackedwithunmedicatedformulationto
actas controlsfor the spectrophotometricanalysis.Ten
millilitersofpurifiedwaterwaspipettedintoeachreceptor
cellcontainingastirrerbarandthecellstiltedtoexpelany
airbubbles.Thesamplingsidearmwasthencappedandthe
cell immersedin a thermostatically-controlledwaterbath
maintainedat25°Csuchthatthemembranewaspositioned
justabovethewaterlevelandeachcellwaspositionedabove
alaboratorymagneticstirrersetat600rpm.Light opaque
materialwasusedtocoverthecellsandwaterbathasPHC
issusceptibletophotodegradation.
Samplingof thereceptorsolutionwascarriedout at
increasingintervalsfor thefirst12hoursandafinalsample
wastakenat24hours.Four millilitersof receptorsolvent
wasremovedfromthecell ateachsamplingtimeusinga
micropipetteandwastransferredtothespectrophotometer
cuvette.Theabsorbanceofthissolutionwasreadagainsthe
blankwith the instrumentsetat 290nm.No chromato-
graphicseparationof thesolutesin the donorphasewas
carriedout and hencethe needfor inclusionof blank
(unmedicated)diffusioncellssothatdeliveryvehiclecon-
stituentsthatalsodissolvein thereceptorsolventandab-
sorbUV lightat290nmcouldbedistinguishedfromPHC.
Thereceptorsolutionwasreplacedwith4mlpurifiedwater
at eachsamplingtime,therebymaintainingthe receptor
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Fig. 3.Permeationof P HC throughsiliconemembranefrom geland
ointmentformulations.
phasevolumeandnearsinkdiffusionconditions.
A standardcalibrationcurvefor PHC inaqueousolu-
tionwasconstructedat290nmusingdrugconcentrations
between0.5J.lg/mland25J.lg/mlwhichwasusedtoquantify
the samplesolutions(6).It wasfoundthatthisspreadof
calibrationconcentrationsadequatelycoveredtherangeof
sampleabsorbancesobtainedfromthediffusioncellsand
generatedanabsorbanceversusconcentrationlinewitha
linearcorrelationcoefficientof 0.9969.
RESULTS "
Thedifferentratesof PHC deliveryfromthethreevehicle
typescanclearlybe seenfromthegraphsof permeation
versustime.PHC deliverywasmuchgreaterfromthecream
formulation(Figure2)thanfromeitherthegelorointment
vehicles,whichweresimilarinreleasepotential.Thesteady-
statefluxrateofPH C releasedfromthecreamformulation
calculatedfrom the linearportion of thegraphyieldsa
deliveryrateof12.8J.lg/cm2.h.A declineinthefluxratefrom
thisformulationafter12hoursmayindicatesomematrix
exhaustionof PHC fromthevehicle.
, Examinationof theratesof PHC deliveryfromthegel
andointmentvehicles(Figure3)suggeststhattwodifferent
mechanismsofcontrolmaybeactive.Theointmentformu-
lationhasaninitiallyhighreleaserate(2.8J.lg/cm2.hforthe
initial linearportion)whichplateausafterapproximately
fourhours.Thispatternissimilartotypicalsquare-root-of-
timekineticsdescribedbyHiguchi(7)fordrugreleasefrom
non-erodingmatrices.This suggeststhatphysicalparam-
etersinthedonorvehiclearemoreinfluentialincontrolling
PHC releasefromtheointmentthanarechemicalfactors.
Removalof PHC from the vehicle/membraneinterface
createsadrugdepletionzonewhichis onlyslowlyreplen-
ishedbyfurtherdiffusionofPHC fromtheointmentcoreto
thevehicle/membraneinterface.Thisdiffusionishindered
by theviscosityof thevehicle,hencethedeclinein PHC
deliveryratewithtime.
The gelformulationdemonstratesalonglagtime(ap-
proximatelyfourhours)beforesteadystatediffusionisseen
atarelativelylowdeliveryrateof 1.1J.lg/cm2.h.Thiswould
suggestthatchemical(dissolutionandmembranepartition-
ing)parametersarecontrollingtherateofdelivery.
Thesedeliveryratescanbe explainedby examining
Fick's law of diffusion.The flux is proportionalto the
partitioncoefficient,~ diffusioncoefficientandthedonor
concentrationandinver~,lyproportionaltothethicknessof
themembrane.In thisstudytheintrinsicdiffusioncoeffi-
cient,themembranethicknessandthedonorconcentration
wereconstant.Hence,in theabsenceof physicalmecha-
nismsofthetypedescribedabovefortheointment,therate
of deliverywill be dictatedby the partitioncoefficient
betweenthedonorformulationandthemembrane.
PHC ishighlywatersoluble(1:20)andthereforehasa
highaffinityfor theaqueousgelformulation.It will there-
foreonlypartitiontoasmallextentintothelesshydrophillic
environmentof thesiliconemembrane.Hencethelonglag
timeandslowflux ratesobservedastheseprocessesare
concentrationgradientdependent.Converselyit is pro-
posedthatPHC has a relativelygreateraffinityfor the
membranethanfor theointmentvehicleandwill therefore
demonstratehigherinitial partitionandflux parameters
from thisvehicle(corroboratedby thehigherinitial flux
ratesthathavebeenobserved).
The creamformulationappearsto presentthe ideal
combinationof solubilityandphysicaldiffusivitythrough
the vehicle,yieldingthe highestPHC releaserates.The
creamisalipophilic/hydrophillicmixturefromwhichPHC
appearstopartitionreadilyintothesiliconematrix.Rela-
tivelyfacilediffusionthroughthisvehicleofmoderatevis-
cosityappearstoallowreplenishmentofthedrugdepletion
layerasPHC isremovedfromthevehicle/membraneinter-
face.Hencethe observedhigh flux rateandonly slight
declinein deliveryrateafter12hours.
DISCUSSION
It is well documentedthatthedeliveryvehiclemarkedly
affectsthewayin whichthedrugisreleased(8,9).For mass
transferto takeplacethedrugmusthavesome,andprefer-
ablygreater,affinityforthemembranethanforthevehicle,
therebymaximizingthethermodynamicleavingpotential.
Differentialdrug deliveryrateshavebeenexplainedin
termsof thepartitioningof thedrugbetweentheformula-
tionandthemembrane,andintermsoftheeaseofdiffusion
of thedruginthedeliveryvehicletoreplenishthedepletion
zoneatthevehicle/membraneinterface.
For a morein depthanalysisof thesepermeationre-
sults,somecalculationof thedegreeof ionizationin each
formulationis desirable.For this,theapparentpH of the
aqueousformulationsshouldbemeasured.Typicalvalues
we havemeasuredarepH 6 for thegelandpH 7 for the
cream.KnowingthepKavalue,theextentof ionizationcan
becalculatedusingtheHendersonequation.If onecarries
out this exercise,it is found thatthe ratio of ionizedto
unionizeddrugis 10timesgreaterin thegelformulation
thanin thecream.At facevalueit maybearguedthatonly
theunionizedformofPHC isdiffusingthroughthesilicone
membrane,hencetheobservedpermeationrates.Thistheory
is, however,incongruouswiththerateof permeationob-
servedfrom the anhydrousointmentformulationwhere
thereislowsolubilityofthePHC andnegligibledissociation
of thisspecieswouldoccur.Similarly,it isdoubtfulthatthe
solubilityof the unionizedform of the permeantin the
receptorphasewouldbegreatenoughtoproducethecon-
centrationsmeasuredfrom thecreamdonorvehicle,the
unionizedspecieswouldhavelow affinityfor thereceptor
phaseandwouldnotpartitionfromthedistalsurfaceofthe
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membraneintotheaqueousenvironment.Anotherpointto
consideris that,if the unionizeddrug form is the only
diffusingspecies,thehydrogenionsremainingin thedonor
phasewouldfavourthe formationof moreionizedmol-
ecules.This shouldinhibit furtherpermeation,but this
phenomenonis notobservedin eitherof theaqueousve-
hiclediffusionexperiments.TheionizedformofPHC must,
therefore,alsodiffusethroughthissilasticmedium.A more
intensivespectrophotometricanalysisof thereceptorphase
solutionwouldbe ableto providetheratio of ionizedto
unionizedspecies;thisdeterminationcouldalsobecarried
outbystudentsif desirable.
We havefoundthatit is sometimesnecessaryto lead
studentsthroughtheabovediscussionsandwehavedevised
asetofquestionsconcerningthisexperimentwhichwefind
usefulin thisrespect:
1. WhatisthetotalsolubilityofPHC in eachvehicle?
2. UsingtheHendersonequationandthePharmacopoeial
pKavalue,calculatethemassesof theionizedandnon-
ionizedformof thedrugpresentinthedifferentformu-
lationsusingtheirapparentpH values.
3. Whichspeciespermeatesthemembrane(chargedor
uncharged)?
4. Whatalternativesaretheoreticallypossible?
5. How,usinganyanalyticalprocedures,wouldyouverify
yourproposalfor theabove?
6. Will thedrugbeinthesame-equilibriumstateineachof
thethreeformulations?
7. Whateffectsdothephysicalcharacteristicsof theve-
hiclehavewithregardto therateof permeation?
8. Whatdifferentmechanismsofreleasemaybeinopera-
tion?
CONCLUSIONS
This relativelysimpleexperimentservesas an excellent
undergraduatestudentprojecttoaugmentheprinciplesof
transdermaldrugdelivery.The experimentis simpleto
perform.UV detectionwaspurposefullychosenasmost
laboratorieshavespectrophotometricmethodsavailable.
Althoughour newlydesignedpermeationcells are de-
scribedhere,theexperimentcouldbeperformedsuccess-
fullyusinganyof thecommerciallyavailablediffusioncells
oreventhesimplestofhomemadecellsasdescribedprevi-
ously(l).Also, thisexercisecouldbe extendedfurtherto
includetheanalysisof thethreeformulations.
In assessingandattemptingtoexplainthedifferentdrug
deliveryratesin termsof physico-chemicaldiffusionprin-
ciples,studentsgainabetterunderstandingof theconcepts
involvedin drugdeliveryfrom topicalformulations.Stu-
dents'perceptionsoftheusefulnessof thisexperimentwere
ascertainedoveratwoyearperiod.Withoutexception,the
studentlearningoutcomesindicatedthattheexperiment
wasavaluableaidtotheircomprehensionofthesometimes
difficult-to-understandphenomenonof transmembrane
permeation.
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